The contamination of the world's water supply due to various contaminants has caused the clean water supply to shrink around the globe. The problem is not only an issue with developing nations; in fact, many developed countries are facing the same turmoil. With the globalization, industrialization and weak enforcement of environmental regulations, waste water is discharged into clean water resources whereby contaminating the water. Out of the long list of contaminants many heavy metals find their way into the clean drinking water supply. The heavy metals arsenic (As), lead (Pb), and mercury (Hg) as well as many others are also discharged into water resources. There are numerous methods for removal of these heavy metals from water including filtration, chemical precipitation, ion exchange, adsorption, electro deposition as well as others but most are expensive and or not completely satisfactory. Arsenic and its compounds are often used as pesticides, herbicides, insecticides and various alloys and often find their way into the drinking water supply through various industrial sources. A cost-effective remediation of arsenic in water Dorris et al.; AJOCS, 5(3): 1-6, 2018; Article no.AJOCS.48006 2 using readily available material is urgently needed. An ashed waste material consisting primarily of Azadirachta indica (Neem leaves) and Mangifera indica (Mango leaves) has been found effective in removing both arsenic (III) and (V) from water. The utilization of this ashed material achieves the concept of using waste material from one source, used by another and therefore benefiting both. The adsorbent is very effective at pH =7 and ion exchange appears to be the major adsorption mechanisms for binding the metal ions to the plant ash material. The material shows sufficient operation capacity to indicate the possibility of its use in remote rural areas as well as in an urban water treatment facility.
INTRODUCTION
Arsenic is naturally present in the Earth's crust and exists in a number of oxidation states but two forms are common in natural waters: arsenic (III) and arsenic (V). While both forms of arsenic are hazardous, arsenic (III) is a source of greater concern since it is more toxic than arsenic (V) and more difficult to remediate [1] [2] [3] . Arsenic in drinking-water in many parts of the world has caused many health problems including cancer and heart disease [4] . Hazardous arsenic contamination in waters is now a worldwide problem since high arsenic concentrations have been found in various countries [5] [6] [7] . Approximately half of the people in Bangladesh live in areas where groundwater wells contain high amounts of arsenic [8] . A study, conducted in Bangladesh and published in the American Journal of Respiratory and Critical Care Medicine, adds to a growing list of arsenicrelated health problems that includes skin, bladder, cardiovascular disease, lung cancers, cognitive deficits and premature death [9] . Millions of people in Asia are exposed to arseniccontaminated drinking water which increases their risk for arsenic-related diseases [10] [11] [12] . Little is known about exposure to elevated arsenic levels from foods in many areas of the world. However, rice has higher arsenic levels than most foods because it is grown in water under optimal conditions for the contaminant to be absorbed [13] [14] [15] [16] [17] [18] [19] . In 2002, the EPA initiated the Arsenic Removal Technology Demonstration Program to evaluate the performance, reliability, and cost of arsenic removal and set the maximum acceptable arsenic limit in drinking water to ten parts per billion (10 ppb) [20] . The WHO has also adopted 10 ppb as the drinking water standard; however, many countries such as China, Bangladesh and others still use 50 ppb for arsenic in drinking water [21] . Various treatments have been developed and used for arsenic removal [22] [23] [24] [25] [26] . However, there are major problems with some methods while others are simply not very efficient and are too expensive [27] . Biomass is a very versatile material and is available virtually everywhere. Some agricultural crops are grown specifically for energy while organic refuge from tree leaves, lawn mowing and other routine maintenance produce "waste" plant material. Lignocellulosic biomass consists of plants or plant-derived materials [28] . This "waste" is actually a valuable resource and should not be simply discarded. Biomass material can be converted to other usable forms which have been used in a number of applications including the stabilization / solidification process of hazardous wastes and contaminated soils [29] . Fly ash as an admixture has also been used to stabilize sewage sludge and other toxic sludges containing chromium (VI). The ash is a loose, black deposit that consists of coke, coal, slag, charcoal and other waste materials [30, 31] . Mango leaves are used for a variety of applications while Neem is considered a weed and has little if any monetary value. Neem is a fast-growing evergreen tree that is found in tropical and semi-tropical regions and can servive even in severe drought conditions. A method that uses waste material from one source to remediate wastewater from another source, would be an extremely desirable relationship of mutual benefit. Many agricultural waste products are readily available, have little economic value and present disposal problems [32, 33] . The utilization of this ashed material fulfills the desired method of using waste material from one source, in another and therefore benefiting both.
MATERIALS AND METHODS
A Specto Genesis Inductively Coupled Plasma (ICP) Spectrometer at EAS Inc. was used to analyze the samples concentrations for arsenic. The instrument operates on argon created plasma and uses a Bergner type nebulizer.
Solutions in the linear range of the instrument were used to construct calibration curves. pH measurements were made with a micro lab II instrument. pH buffer solutions of 4, 7 and 10 were used to calibrate the pH meter. All the chemicals used in this study including the arsenic stock solution, nitric acid, sodium hydroxide, sodium chloride, sodium bisulfate, sodium phosphate, sodium fluoride and titanium dioxide, were obtained from Aldrich Chemical, Chemlab Supply Company or Fisher Scientific. From the standard 1000 ppm arsenic III solution a 100 ppm solution was prepared. From the 100 ppm solution, 1.0, 5.0, 10.0, 25.0 and 50 ppm solutions of arsenic III were prepared. A separate 100 ppm solution of arsenic (III) was prepared by diluting the 1000 ppm arsenic stock solution with a TiO 2 solution rather than just distilled water. The resulting mixture was placed in sunlight for three hours to oxidize arsenic (III) to arsenic (V). The resulting solution was used to prepare 1.0, 5.0, and 10.0 ppm solutions of arsenic (V). Plant ash material consisting of Azadirachta indica (Neem leaves) and Mangifera indica (Mango leaves) were used for all the experiments as a proprietary adsorbent. This material was chosen due to abundance, availability and cost (free).
RESULTS AND DISCUSSION
Several experimental schemes were used to study different parameters for the analysis including the sorbent to sorbate contact time, pH effect on the adsorbent and the interaction with the metal ions, concentrations of metal ions. For pH adjustments only nitric acid was used as the solution with adsorbent by default had a basic pH. Adsorption of arsenic on the walls of glass flask was determined by running the blank experiments, the difference was found to be negligible.
In order to study the behavior of arsenic on the newly developed adsorbent material several different experiments were conducted involving time and concentration. The sorption of arsenic on newly developed plant ash based material was studied using batch technique. Studies were performed on the saturation of the adsorbent material using a known weight of the ashed biomass adsorbent (1.5 g) mixed with a known volume (100 mL) of arsenic. One set of experiments used 100 mL of 1.0, 10.0, 25.0, and 50.0 ppm arsenic III solutions and 1.5 g of adsorbent material for 30 minutes. The percent adsorption obtained on these arsenic (III) solutions and the ashed biomass adsorbent is shown in Table 1 . The adsorption time, volume of solution and the amount of adsorbent material was kept constant for each run.
As the concentration was increased, the percent adsorption on the surface decreased substantially. The overall percent adsorption at the high concentration of 50 mg/L was only 48.5%. This indicates that the adsorption capacity of the material is highly concentration dependent. In order to investigate the interaction between arsenic (V) and the adsorbent material, the more reactive arsenic (V) was prepared and investigated so a comparison could be drawn between the loading and adsorbing capacities of arsenic (III) and arsenic (V). Results are shown in Table 2 .
The ashed biomass material is a more effective arsenic (V) adsorbent than arsenic (III) as seen in Tables 1 and 2 .
In order to study the adsorption of arsenic (V) as a function of time, the following data was obtained and presented in Table 3 .
The presence of anions in wastewater could affect the adsorption of metal ions on the surface of adsorbent material. In order to determine the possible interference of anions that are commonly present in waste wastewater, solutions containing chlorides, fluorides, phosphates and sulfates were prepared. Four solutions of arsenic (V) were prepared containing sodium chloride, sodium fluoride, sodium phosphate and/or sodium bisulfate by adding 0.20 g of each salt to sixty mL of 1.0 ppm arsenic (V) solution until the final arsenic (V) concentration was 0.33 ppm. The concentration of anions was approximately 1100 mg/L for each salt solution.
A control solution was also prepared. Sodium Phosphate had a high negative effect on the adsorption of arsenic (V) on the biomass material. The results are shown in Table 4 .
The adsorption of arsenic (V) is affected by the interactions of anions in the solution. Table 4 shows the results for the metal ions and their interactions with the anions in the solutions. Phosphates affect the adsorption of arsenic (V) the most. Whereas chlorides and fluorides have positive interactions with arsenic (V), aiding in the adsorption of the metal ion. 
CONCLUSION
This plant ash based material (Azadirachta indica and Mangifera indica leaves) is capable of remediation of arsenic (III) and arsenic (V) metal ions from water as well as or better than many other materials that have been investigated. This material is unique in that it is available almost anywhere in the world, is very effective at a pH of 7 and perhaps the biggest benefit of this material is its cost (free). Also, the adsorbent's maximum adsorption occurs in less than 15 minutes and the amount of material used is relatively low. The adsorbent does not get saturated quickly during the adsorption of arsenic (III) or arsenic (V), and the same material can be reused effectively. Even though high concentrations of salts were used for the analysis, the great binding effects of these salts could prove useful for the removal of metal ions or at least binding with the metal ions to remove their toxic effects to human life. The results obtained from this study indicate that the material used to adsorb metal ions from wastewater has a possible application for limited use in rural areas. The material could also be used in a much large scale in lakes and ponds of water and in proper plant design to eliminate metals from the water source.
